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1.  REASON  FOR  TEST 


To  establish/validate  the  measurement  capabilities  of  the 
Water  Quality  Analysis  Unit-Purification  (WQAU-P)  that  has  been 
modified  to  accept  the  newly  developed  Foster-Miller 
multiparameter  sensor. 
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2.  DESCRIPTION  OF  EQUIPMENT  TESTED 


2.1  WQAU-P 

The  WQAU-P  is  a  rugged,  s imple-to-operate ,  accurate  and 
highly  reliable  water  quality  analysis  unit  that  is  capable  of 
analyzing  the  temperature,  total  dissolved  solids.  pH. 
turbidity  and  residual  chlorine  of: 

•  Raw  water  feed  to  a  reverse  osmosis  purification  system 

•  Product  water  from  a  reverse  osmosis  purification 
system 

•  Raw  water  in  situ  (lakes,  ponds,  rivers,  oceans). 

The  WQAU-P  combines  five  water  quality  monitoring  sensors 
with  a  state-of-the-art  microprocessor  to  form  a 
self-calibrating  and  easy  to  operate  water  monitoring 
instrument.  The  WQAU-P  utilizes  only  one  wet  standard  that  is 
generated  from  a  hermetically  sealed  packet  of  buffer  powder 
(pH  of  7).  The  logistic  support  problems  of  maintaining  a 
fresh  supply  of  perishable  chemicals  has  been  eliminated. 

Trained  personnel  can  typically  obtain  a  complete  set  of 
readings  in  less  than  5  min. 

The  WQAU-P  tested  in  this  program  was  a  modified  version  of 
the  WQAU-P  developed  under  contract  DAAK70-85-C-0022 . 

2 . 2  Multiparameter  Sensor 

The  Foster-Miller  multiparameter  sensor  contains  four  water 
quality  monitoring  sensors  (temperature.  pH.  conductivity  ( TDS ) 
and  turbidity).  The  temperature  and  conductivity  sensors  have 
pin  socket  connectors  at  their  electrical  end  and  are  keyed 
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into  the  multiparameter  assembly  for  alignment  with  the  mating 
internal  pins.  The  pH  sensor  is  a  threaded  coaxial  connector 
that  is  backed  with  an  o-ring  to  provide  additional  water 
seepage  protection.  Each  of  these  sensors  is  secured/sealed 
into  the  multiparameter  assembly  by  a  spanner  nut  that  is 
backed  with  a  rubber  seal. 


9 


3.  DISPOSITION  OF  EQUIPMENT 


Six  WQAU-Ps  plus  eight  multiparameter  sensors  have  been 
delivered  to  Fort  Belvoir  or  a  Fort  Belvoir  representative. 

Two  multipararaeter  sensors  remain  at  Foster-Miller  to  support 
Foster-Miller  field  service  activities.  These  last  two 
multiparameter  sensors  will  be  delivered  to  Fort  Belvoir  at  the 
completion  of  Phase  II  testing  (August  1987). 
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ABSTRACT  OF  RESULTS 


4  . 

Six  WQAU-Ps  with  individual  multiparameter  sensors  were 
subjected  to  an  extended  matrix  of  tests.  More  than  5,400 
individual  measurements  were  taken/ recorded .  Over  95  percent 
of  the  readings  fell  within  the  accuracy  requirements  for  the 
parametric  readings.  The  multiparameter  sensor  (temperature, 
TDS ,  pH  and  turbidity)  provided  over  a  97  percent  accuracy 
rate.  Residual  chlorine  accuracy  was  89  percent. 

Over  55  percent  of  the  TDS  errors  occurred  when  measuring 
salt  concentrations  of  50,000  mg/1  (upper  level  of 
measurement).  Turbidity  errors  were  evenly  distributed  over 
all  ranges.  Approximately  60  percent  of  the  residual  chlorine 
errors  occurred  at  the  upper  limit  of  15  mg/1.  Approximately 
75  percent  of  the  temperatures  errors  occurred  below  40°F 

n  O 

when  measuring  fluids  between  32"  and  120  F.  At  extreme 
temperatures  (10°  to  20°F  and  140°  to  160°F), 

95  percent  of  the  errors  occurred  at  the  high  range. 
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TEST  APPARATUS 


5  . 


The  following  test  equipment  was  used 
va 1 idat ion  tests  . 


Equipment/Chemicals 

Turbidity  Meter,  Model  DRT-100D 
0  to  10.  0  to  100,  and 
0  to  1,000  NTU ,  ^1  percent  FS 

Santorious  Balance  Model  2474 
160  gm  maximum,  0.001  gm  accuracy 
calibrated  5/86 

Immersion  Hea ter /Ci r cu la  to r 
Model  13276  456,  110  Vac 

Polyethylene  Tanks, 

12  x  12  x  18  in. 

NBS  Certified  Thermometer 

Model  15-041A,  Purchased  Jan  1987 

-1°  to  51°C.  +0.1°C 

Buffer  Solutions 
pH  4  -  SO-B-101 
pH  7  -  SO- B  107 
pH  10  -  SO-B-115 

Biological  Grade  NaCl 
Product  S-671 

Formazin  Stock  Solution 
Product  15-393  2,  4,000  NTU 

DPD50  Free  Available  Chlorine 
R50 1  FAS  Titrant 
R502  DPD  Powder  Buffer 


to  perform  WQAU  P 


Manuf acturer 

HF  Instruments,  Inc. 
VWR  Scientific 
Boston,  MA 

VWR  Scientific 
Boston,  M A 


VWR  Scientific 
Boston,  MA 

Teracom  Corp. 
Waltham.  MA 

Fischer  Scientific 
Medford.  MA 


Fischer  Scient if ic 
Medford,  MA 


Fischer  Scientific 
Medford,  MA 

Fischer  Scientific 
Medf  ord ,  MA 

Delta  Analytical,  Inc. 
Hauppauge,  NY 
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6.  TEST  PROGRAM/ PROCEDURES 


6 . 1  Test  Program 

Table  1  details  the  test  matrix  that  was  followed  when 
collecting  process/validation  data  on  the  Phase  III 
WQAU-Ps/multiparameter  sensors.  This  table  lists  the 
measurement  levels,  fluid  operating  ranges  (temperature  and 
pH),  number  of  measurements,  number  of  measurements  per  sample 
and  number  of  total  measurements  for  each  WQAU-P/multiparameter 
sensor . 


Table  i.  Parametric  Test  Matrix 


Parameter 

Measurement 

Level 

Fluid 

Operating 

Range 

Measure¬ 

ments 

Measure¬ 
ments  per 
Sample 

Total 

Measure¬ 

ments 

PH 

4.  7,  10  pH 
units 

36°F,  68°F, 
100°F,  120°F 

12 

10 

120 

TDS 

50.  100,  500. 
1,500,  3,000, 
30,000, 

50,000  mg/1 

36°F,  68°F, 
100°F.  120°F 

28 

10 

280 

Turbidity 

3.  10.  50. 

100.  150  NTU 

36°F ,  68°F, 
100°F,  120°F 

20 

10 

200 

Residual 

Chlorine 

1.  7,  15 

36°F,  68°F, 
90°F  and 

5.5,  7.5  pH 
units 

18 

10 

180 

Temperature 

(Air) 

10°F ,  20°F, 
140°F,  160°F 

N/A 

4 

10 

40 

L  3 


6 . 2  Test  Data  Sheet 


A  sample  test  data  sheet  is  illustrated  in  Figure  1. 
Individualized  data  sheets  were  used  for  each  monitored 
parameter  and  for  each  WQAU-P/multiparameter  sensor  tested. 
Multiple  data  sheets  were  used  when  one  sheet  was  insufficient. 

The  column  on  the  left  was  used  to  enter  the  value  of  the 
standard  that  was  monitored.  The  next  column  was  used  to 
record  the  fluid  temperature  as  measured  by  both  the  WQAU-P  and 
the  certified  thermometer  (actual).  The  third  column  was  used 
to  record  the  fluid's  pH.  This  column  was  only  used  during 
residual  chlorine  measurements.  The  remaining  10  columns  were 
used  for  recording  the  10  individual  measurements  of  the 
monitored  standard. 

6 . 3  Test  Procedures 

All  testing  was  conducted  with  the  WQAU-Ps  connected  to 
110  Vac.  The  following  test  procedures  describe  how  each  of 
the  WQAU-P  parameters  were  tested/validated. 

6.3.1  General 

For  any  given  parameter  a  sufficient  quantity  of 
appropriate  test  standards  was  prepared  and  divided  into  four 
test  containers  (fluid  chambers).  Each  test  container  was 
placed  in  one  of  the  four  constant  temperature  baths  (36°F, 
60°F,  100°F  and  120°F).  The  pH  evaluation,  for  example, 
had  three  standards  (pH  of  4.  7  and  10)  in  each  of  the  four 
constant  temperature  baths.  The  pH  of  each  standard  was  then 
measured  at  a  single  temperature.  When  the  30  readings 
(10  each  for  each  pH  standard)  at  a  single  temperature  was 
completed,  testing  continued  at  the  next  temperature  level. 

This  cycle  continued  until  all  standards  were  measured  at  each 
of  the  four  temperatures.  For  pH  this  resulted  in  a  total  of 


14 


Figure  1.  WQAU-P  Test  Data  Sheet 


| 
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120  measurements  per  WQAU-P.  A  sample  WQAU-P  Test  Data  Sheet 
for  pH  is  illustrated  in  Figure  2.  This  was  the  general  test 
sequence  that  was  used  for  all  WQAU-P  parameters  except 
residual  chlorine  and  air  temperature. 

Prior  to  collecting  parametric  data  with  the  WQAU-P.  a 
field  calibration  sequence  was  performed  on  the  pertinent 
WQAU-P  parameters.  These  field  calibration  procedures  followed 
the  field  calibration  procedures  described  in  the  Phase  II 
WQAU-P  Operation/Maintenance  Manual  (Contract 

DAAK70-86-C-0022 ) .  Table  2  details  which  parameters  were  field 
calibrated  before  obtaining  a  specific  parametric  measurement 
(a  set  of  10  readings). 

To  obtain  a  parametric  measurement  with  the  WQAU-P.  the 

operator  must  press  the  "Press  to  Read"  button.  Since  some 

sensors  take  time  to  stabilize  (reach  thermal  equilibrium),  the 

operator  should  alternately  press  and  release  the  "Press  to 

Read"  button  until  the  WQAU-P  reading  (digital  display)  has 

stabilized  at  a  fairly  constant  value.  For  example,  if  a  room 

temperature  (70°F)  thermistor  is  immersed  in  cold  water 
o  . 

(40  F).  the  first  few  readings  displayed  by  the  WQAU-P  (one 
reading  each  time  the  "Press  to  Read"  button  is  pressed)  should 
steadily  decrease.  The  true  temperature  is  reached  when 
successive  readings  remain  constant.  This  procedure  was 
followed  for  all  measurements  when  required. 

Specific  procedures  for  each  parameter  are  discussed  in  the 
following  subsections. 
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WQAU-P  TEST  DATA  SHEET 


*  ONLY  USED  FOR  RESIDUAL  CHLORINE  MEASUREMENTS 


Figure  2.  Completed  WQAU-P  Test  Data  Sheet  for  pH 


I 

I 

I 


17 


Table  2.  Parametric  Field  Calibration  Requirements 


Monitored  Parameter 

Parameter(s)  Requiring 
Field  Calibration 

Temperature 
(Fluid  and  Air) 

None 

TDS 

TDS 

pH 

pH 

Turbidity 

Turbidity 

Residual  Chlorine 

Residual  Chlorine  and  pH 

6.3.2  Temperature  (Fluid) 

The  temperature  of  each  fluid  standard  was  measured  using 
both  the  WQAIT-P  and  the  certified  thermometer  prior  to 
obtaining  the  10  parametric  measurements.  Both  of  the  measured 
fluid  temperatures  were  documented  in  the  temperature  column  of 
the  Test  Data  Sheet. 

6.3.3  TPS 

TDS  measurements  were  obtained  using  fluid  standards  that 
have  been  prepared  by  dissolving  laboratory  grade  NaCl  in 
deionized/demineralized  water.  For  each  condition  (salt 
concentration  and  temperature)  the  temperature  of  the  standard 
was  measured  with  the  WQAU-P  prior  to  obtaining  TDS  readings. 
The  multiparameter  sensor  was  flushed  and  dried  prior  to 
changing  standards. 

6.3.4  pH 

Certified  pH  buffers  were  used  as  standards  during  this 
phase  of  the  test  program.  For  each  condition  (pH  value  and 
temperature)  the  temperature  of  the  standard  was  measured  with 
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the  WQAU-P  prior  to  obtaining  pH  readings.  The  multiparameter 
sensor  was  flushed  in  deionized/demineralized  water  prior  to 
changing  standards. 


Turbidity  measurements  were  obtained  using  Formazin  as  the 
turbidity  standard.  The  NTU  value  of  the  turbidity  standards 
was  verified  using  a  recently  calibrated  HF  Instrument  (Model 
DRT-100D)  laboratory  turbidity  monitor.  Verification  of  an 
individual  turbidity  standard  was  performed  before  a  sequence 
of  measurements  (set  of  10  readings)  initiated.  The 
multiparameter  sensor  was  flushed  with  deionized/demineralized 
water  and  dried  prior  to  changing  standards. 


6.3.6  Residual  Chlorine 


Determination  of  the  chlorine  standard's  chlorine 
concentration  was  achieved  using  a  DPD-50  Residual  Chlorine 
Test  Kit.  A  DPD  buffer/indicator  was  used  to  give  the 
chlorinated  water  a  rose-colored  appearance.  A  RAF  titrant  was 
used  to  neutralize  the  color.  Each  drop  of  titrant  was 
equivalent  to  0.2  mg/1. 


For  each  condition  (chlorine  concentration.  pH  and 
temperature),  the  pH  and  temperature  of  the  chlorine  standard 
were  measured  by  the  WQAU-P  prior  to  obtaining  a  chlorine 
measurement . 


The  WQAU-P  chlorine  sensor  reacts  with  chlorine  during  the 
measurement  process.  This  reaction  results  in  the  depletion  of 
chlorine  (i.e.,  drop  in  chlorine  concentration).  Due  to  this 
reaction,  a  large  volume  (4  gal)  of  standard  was  utilized  to 
minimize  changes  in  the  chlorine  concentration. 


19 


6.3.7  Temperature  (Air) 

Extreme  air  temperature  measurements  were  made  using  a  dry 

.  oo  .  o 

ice  chamber  for  10  and  20  F,  and  a  drying  oven  for  140  . 

and  160°F . 

6 . 4  Acceptance  Criteria 

The  accuracy  requirements  for  each  parameter  are  detailed 
in  Table  3. 


Table  3.  WQAU-P  Accuracy  Requirements 


Parameter 

Range 

Accuracy 

Temperature  (Fluid) 

32°  to  120°F 

+2 . 0°F 

TDS 

0  to  500  mg/1 

500  to  5.000  mg/1 

5,000  to  50,000  mg/1 

+25  mg/1 
+250  mg/1 
+2 , 500  mg/ 1 

pH 

2  to  12  pH  units 

+0.5  pH  units 

Turbidity 

0  to  50  NTU 

50  to  150  NTU 

+  5  NTU 
+10  NTU 

Residual  Chlorine 

0  to  15  mg/1 

+1.0  mg/1 

Temperature  (Air) 

0°  to  160°F 

±2 . 0°F 

20 
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TEST  RESULTS 


More  than  5,400  individual  measurements  were  taken/recorded 
with  the  Phase  III  WQAU-P/multiparameter  sensors.  Over 
95  percent  of  the  readings  fell  within  the  accuracy- 
requirements  for  the  parametric  measurements.  The 
multiparameter  sensor  provided  over  a  97  percent  accuracy 
rate.  Residual  chlorine  was  less  impressive,  logging  an 
89  percent  accuracy  rate. 

The  cumulative  percentage  of  correct  readings  for  each 
parameter  is  listed  in  Table  4. 

On  an  individual  WQAU-P  basis,  the  percentage  of  correct 
parametric  measurements  ranged  as  follows: 

•  Temperature  (fluid)  -  94  to  99  percent 

•  Extreme  temperature  (air)  -  60  to  98  percent 

•  pH  -  100  percent  (no  failures) 

•  Turbidity  -  89  to  99  percent 

•  Residual  chlorine  -  78  to  97  percent. 

Individual  WQAU-P  results  are  summarized  in  Table  5. 


Table  4.  Cumulative  Test  Results 


Parameter 

Total 

Number 
of  Tests 

Percent 

Correct 

Readings 

Temperature  (Fluid) 

493 

97 

Extreme  Temperature  (Air) 

240 

85 

Total  Dissolved  Solids 

1,680 

98 

PH 

720 

100 

Turbidity 

1,200 

95 

Residual  Chlorine 

1,080 

89 

Table  5.  Test  Results  for  Individual  WQAU-Ps 


WQAU-P/Mul ti parameter 

Sensor 

1/1 

3/8 

6/5 

7/4 

5/3 

4/6 

Parameter 

Percent  Correct  Readings 

Temperature  (Fluid) 

94 

99 

96 

96 

98 

99 

Extreme  Temperature  (Air) 

98 

75 

85 

95 

60 

98 

Totax  uissolved  Solids 

100 

98 

98 

93 

100 

100 

pH 

100 

100 

100 

100 

100 

Turbidity 

99 

99 

98 

89 

97 

90 

Residual  Chlorine 

78 

85 

93 

92 

97 

88 

The  remaining  discussion  focuses  on  the  errors  (deviation 
from  standard  that  exceeds  acceptance  criteria)  that  were 
encountered,  the  corrective  measures  that  were  taken  and  the 
accuracy  improvements  that  could  be  obtained  by  relaxing  the 
parametric  constraints  at  extreme  ranges  (i.e.,  TDS 
concentrations  at  50,000  mg/1). 

7 . 1  Temperature 

Most  of  the  temperature  errors  (75  percent)  occurred  when 
measuring  fluids  that  were  less  than  40°F.  The  bulk  of  these 
errors  occurred  during  testing  of  the  first  three  units 
(WQAU-Ps  1.  3.  and  6).  During  the  prevalidation  testing  of 
WQAU-Ps  7  and  5.  the  source  of  low  temperature  errors  was 
guanti tatively  established. 

As  designed  the  WQAU-P  would  receive  a  thermistor  input 

that  was  processed  into  an  analog  millivolt  signal  that  was 

eguivalent  to  degrees  Centrigrade  (i.e.,  20°C  would  be  input 

as  20  mV).  At  low  fluid  temperatures,  those  reaching  32°F 
o 

(0  C).  (i.e.,  equivalent  to  a  0-mV  input),  the  analog  to 
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digital  converter  (A/D)  would  occasionally  shift  by  1  to  2  mV. 
This  source  for  signal  deviation  generated  an  error  of  1.8° 
to  3.5°F,  easily  exceeding  the  WQAU-P  accuracy  requirements. 

The  temperature  processing  circuit  was  modified  by 
amplifying  the  analog  signal  by  a  factor  of  10  (i.e..  a  20°C 
input  would  be  equivalent  to  a  200-mV  signal).  A  1-  to  2-mV 
shift  at  32°F  (0°C)  now  generated  only  a  0.18°  to 
0 . 3 6°F  error.  After  this  change  was  made,  temperature  errors 
were  reduced  to  infrequent  random  (range)  variations. 

7 . 2  Extreme  Air  Temperatures 

Ninety-five  percent  of  the  extreme  air  temperature  errors 
occurred  at  the  elevated  temperatures  (140°  and  160°F). 
Correction  of  the  temperature  measuring  flaw  described  in 
subsection  7.1  had  no  influence  on  these  temperature  ranges. 
Both  ranges.  10°  to  20°F  (-12°  to  -6.7°C)  and  140°  to 
160°F  (60°  to  7 l°C )  are  well  beyond  the  0-mV  input  that 
upsets  the  A/D  converter  output. 

If  the  accuracy  for  extreme 
to  4°F,  the  total  average  error 
97  percent  accuracy  rate. 

7 . 3  Total  Dissolved  Solids 

TDS  errors  were  limited  to  the  high  and  low  measurement 
ranges  (42  and  58  percent,  respectively).  Low  range  errors 
varied  from  27  to  40  mg/1,  averaging  33  mg/1.  High  range 
errors  varied  from  2.520  to  2,800  mg/1  and  occurred  when 
measuring  the  50,000-mg/l  standard. 


air  temperature  was  increased 
would  be  only  3  percent,  a 
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7.4  pH 


Although  there  were  no  recorded  errors,  a  drop  in  the 
measured  pH  value  occurred  at  the  lower  test  temperature  (36° 
to  40°F).  Figure  3  graphically  illustrates  this  relationship 
for  all  pH  buffers  tested.  Above  60°  to  70°F,  the  measured 
pH  values  remained  fairly  constant,  drifting  upward  only  0.1  to 
0.2  pH  units.  Below  this  temperature  range,  pH  values  dropped 
by  0.3  to  0.5  pH  units  as  the  test  standard  temperature 
approached  32°F. 

7 . 5  Turbidity 

Turbidity  errors,  while  in  general  being  random  relative  to 
NTU  value,  were  most  prominent  at  the  two  upper  temperatures 
(100°  and  120°F ) .  Ninety-eight  percent  of  all  turbidity 
errors  occurred  when  measuring  standards  at  these  temperatures 
(38  and  60  percent,  respectively).  At  the  upper  turbidity 
range  (50  to  150  NTU,  ^10  NTU),  the  turbidity  errors  varied 
from  11  to  26  NTU,  averaging  just  under  15  NTU.  At  the  lower 
turbidity  range  (0  to  50  NTU,  NTU).  the  measurement  errors 
varied  from  6  to  12  NTU,  with  an  average  of  7.7  NTU. 

7 . 6  Residual  Chlorine 


Table  6  illustrates  how  the  frequency  of  residual  chlorine 
errors  increased  as  the  chlorine  concentration  of  the  test 
standard  increased.  Ninety  percent  of  the  chlorine  errors 
occurred  when  measuring  chlorine  concentrations  at  or  above 
7.0  mg/1.  The  average  error  for  the  high  range  (15  mg/1)  was 
1.74  mg/1.  The  average  error  for  the  mid  range  (7  mg/1)  was 
1.4  mg/1.  If  the  accuracy  constraint  for  chlorine  was  relaxed 
to  +1.5  mg/L  at  the  upper  two  ranges,  the  WQAU-P's  chlorine 
accuracy  would  increase  to  96  percent. 


24 


Table  6.  Breakdown  of  Residual  Chlorine  Errors 


Standard 

Percentage 

(mg/1 ) 

of  Errors 

1 

10 

7 

31 

15 

59 

All  supporting  test  data  (raw  data)  ha  been  included  in  the 
following  section. 
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